Objective: To assess incidence of leprosy in Firozabad District (U.P.). Materials and Methods: A random sample of 148,061 population was covered by this second survey, spread over 259 units (230 rural/29 urban). The survey was conducted between March 2011 and November 2012. Clinically confirmed cases detected in known disease-free population were labeled as incident cases and treated. Results: The overall incidence rate of leprosy was found to be 3.4 per 10,000 person years; In healthy contacts it was 3.1, in paucibacillary contacts 29.7 while it was 89.3 in multibacillary contacts. The differences in incidence rate of these three groups were significant (P < 0.001). Incidence rate was significantly higher by age; 1.1 in persons <15 years to 8.0 in those >44 years of age, and in high endemicity areas with three or more cases. In terms of incidence rate ratio (95% confidence interval), the incidence for ages 15-24 years was 3.2 times significantly higher than for those under 15 years, 5.3 times (4.3-6.5) in ages 30-44 years and 7.0 times (5.6-8.7) for age ≥45 years. Incidence rate ratio was also significantly higher in paucibacillary contacts, by 9.5 times (7.0-13.0) and 27.7 times (18.8-40.6) in multibacillary contacts, as compared to healthy controls. Incidence rate ratio (95% confidence interval) was significantly higher by 2.9 times (2.4-3.5) in areas with endemicity status of 3 to 5 cases and by 2.0 times (1.6-2.5) in areas with >5 cases as compared to areas with no endemicity. It was 2.4 times more (1.6-3.5) in Narkhi, 2.4 times higher (1.7-3.5) in Tundla and 3.0 times higher (2.1-4.5) in Aravon blocks than in Aeka block of the district. Incidence rate was also found to be significantly higher (3.7) among females, 1.3 times higher (1.1-1.5) than in males (2.9). Incidence rate ratio (95% confidence interval) was also 2.5 times higher (1.2-5.1) among persons having reported disease of greater than 4 years in comparison to 1.5 in persons having disease for 2 to 3 years. Limitations of Study: None to the best of our knowledge. Conclusion: The present study suggests that incidence rate of leprosy is significantly higher among persons of above 15 years, in females, among contacts of paucibacillary/multibacillary disease, in areas where >3 leprosy cases were found and in Tundla, Narkhi and Aravon blocks in Firozabad district.
Introduction
Epidemiological evaluation of leprosy is an important public health tool to monitor its progress on account of new transmission taking place in an area. This also helps to understand the trend of disease and causes of transmission following public health intervention and its impact. Although the leprosy control program reports a significant decline in the leprosy case load all over the country based on trends in prevalence and new case detection, the incidence of leprosy is never reported. It has been mentioned that measuring incidence of leprosy is not easy. 1 The incidence of leprosy suggests the levels of ongoing transmission in various groups and subgroups. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. 
Materials and Methods

Background of the study
Sample size
Using new case detection rate of 7.57 per 10,000 populations, error rate as 0.20, a sample size of 129,099 was estimated. Assuming coverage 50% population on account of migration and other factors, inflated sample size was 258,198. This sample was randomly chosen from 2006 to 2009 surveyed population and finally 148,453 could be resurveyed for estimating the incidence of leprosy.
Defining incidence of leprosy
A new, active, confirmed, untreated leprosy case detected among an earlier surveyed population (2006-2009) known to be leprosy free is defined as an incident case. A whole body examination of all persons in the targeted population was conducted. The mean duration between two surveys was 4.1 years. Both surveys were conducted using cross-sectional study design to interview/examine only once at the time of visit.
Incidence rate
This was calculated using the formula:
New leprosy cases detected as incident cases divided by (earlier disease-free population × duration in years between two surveys) and multiplied by 10,000 = Incidence rate per 10,000 person years.
Defining contact status
A contact is a person living with an index leprosy case in the family. Therefore, healthy contact is a person with no known leprosy case in the family, paucibacillary contact with at least one paucibacillary index case and multibacillary contact with at least one multibacillary index case with/without other cases in the family.
Defining endemicity
There is no set definition of endemicity. The endemicity of leprosy is therefore defined based on leprosy cases per village or urban unit such as 0, 1, 2, 3, 4, 5 and >5 in this study.
Data analysis
The data was computerized and analyzed using Statistical Package for the Social Sciences (SPSS v. 18) . Incidence rate of leprosy is calculated as number of incidence cases per 10,000 person years of follow-up. Kaplan-Meier survival method was used to estimate incidence with time and log-rank test was used to compare the hazard probabilities. 13 To compare within the groups such as age, sex, rural-urban, etc., incidence rate ratio and 95% confidence interval of incidence rate ratio were calculated to assess the significance.
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Results
The overall incidence rate of leprosy in the district was observed to be 3.4 per 10,000 person years of observations [ Table 1 ]. The observed incidence by age suggests that incidence of leprosy increased from 1.1 per 10,000 person years in young age (<15) to 3.7 in adult ages (15-29) and further to 6.0 by ages 30 to 44 and again to 8.0 beyond 44 years of age. The incidence rate suggests significant differences in incidence rate ratio from age <15 to 15-29 [incidence rate ratio (95% confidence interval) =3.2 (2.6-4.1)], to age group 30-44, 5.3 (95% confidence interval = 4.3-6.5) and for age group above 44, 7.0 (95% confidence interval = 5.6-8.7).
The clinical presentation of incident cases suggests that detection was not delayed, as 189 (91.3%) cases detected were of paucibacillary type, and 142 (68.6%) of these were with single skin lesion only. Another 47 (22.7%) presented with 2-5 skin lesions and the remaining 18 (8.7%) were detected with multibacillary disease. Of the 207 incident cases, 33 cases (15.9%) were children (under 15).
The observed incidence rate was 2.9 in males while it was 3.7 in females (95% confidence interval = 1.1-1.5), which was significantly higher. Incidence rate of leprosy was 3.5 in rural areas and 3.0 in urban areas (95% confidence interval = 0.7-1.0), which was not statistically significant. Of the 9 blocks, incidence rate was found to be lowest (below 2) in Hatwant (1.6) followed by Aeka (2.0) and Sikohabad (2.4) while higher incidence (above 4) was found in Narkhi (4.6) and Tundla (4.8) and the highest rate of 6.0 was found in in Aravon block of the district [ Table 1 ]. Assuming the incidence rate in Aeka block as base value, it is observed that the incidence rate of leprosy was 3.0 times (95% confidence interval = 2.1-4.5) in Aravon, 2.4 times (95% confidence interval = 1.7-3.5) in Tundla, 2.4 times (95% confidence interval = 1.6-3.5) in Narkhi and so on. However, incidence rate in Shikohabad was 1.2 times that of Aeka (95% confidence interval = 0.8-1.8) and 0.8 times lower in Hathwant (95% confidence interval = 0.5-2.6); both are not significant.
The incidence rate in healthy controls was 3.1 in households (where there was no index case of leprosy earlier). The incidence rate was (29.7) significantly high, as much as 9.5 times (95% confidence interval = 7.0-13.0), and also higher (89.3), and 27.7 times (95% confidence interval = 18.8-40.6), among multibacillary contacts in comparison to healthy controls.
The incidence rate was observed to be 2.4 in areas with leprosy endemicity of zero (or <1).The incidence rate was 1. (95% confidence interval = 1.1-1.6) significantly higher in areas with endemicity level of 1, but not different in areas with endemicity level of 2 (95% confidence interval = 0.7-1.3). However, incidence levels were significantly higher in areas with endemicity levels of 3-5 and >5 cases in comparison to incidence rate in areas with zero endemicity. In areas with endemicity levels of 3 to 5, incidence was 6.8 per 10,000 person years, 2.9 times (95% confidence interval = 2.4-3.5) in comparison to areas with endemicity zero, and 4.8 in areas with endemicity of >5 [incidence rate ratio (95% confidence interval) = 2.0 times (1.6-2.5) of the base value]. It was also observed that as the duration of follow-up increased, the incidence of disease was higher. No incident case of leprosy was noted before 2 years of follow-up, but incidence rate of 1.5 per 10,000 person years was noted in areas resurveyed after 2-3 years, 2.4 during 3-4 years of follow-up and 3.8 beyond 4 years of follow-up. The incidence rate ratio was significantly higher i.e., 2.5 times (95% confidence interval = 1.2-5.1) among persons having disease for over 4 years.
Discussion and Conclusion
The incidence rate of leprosy among various population subgroups gives an understanding about transmission pattern of disease and also is an indicator of the impact of ongoing public health interventions and effectiveness. 2 The overall incidence of leprosy in the study areas of Firozabad district is 3.4 and 3.1 in healthy controls. It was significantly increased by 9.5 times (95% confidence interval = 7.0-13.0) among paucibacillary contacts and 27.6 times (95% confidence interval = 18.8-40.6) among multibacillary contacts (log-rank test = 265, degrees of freedom = 2, P < 0.001). The incidence among multibacillary contacts has been highest and about three times as that in paucibacillary contacts. An earlier study done in Agra district 8 also found almost similar results, with an incidence rate of 4.6 in healthy controls, increased to 41 (8.9 times) in paucibacillary contacts and further to 131.3 (28.5 times) in multibacillary contacts. This study also suggests that multibacillary contact had three times higher infectivity than that of paucibacillary contacts [ Figure 1 ]. This probably confirms that exposure to large quantum of infection in familial contacts of multibacillary index cases gives rise to genetic predisposition among contacts, and thus receptivity of infection increases. The behavioral practice of defecation in the open, as is widely prevalent both in rural and urban slums areas, increases exposure to infection, and thus the development of disease. The observed incidence rate varied from 1.6 in Hatwant block to 6.0 in Aravon block. Incidence rate ratio suggests that a much higher incidence from base value of two or more times is found in Narkhi, Tundla and Aravon blocks than in Aeka block, which is significant. The observed high endemicity (proxy to force of infection) to help in transmission and high significant increase in incidence rate have been observed in areas with high endemicity of ≥3 leprosy cases than in areas with lower endemicity status <3. This is completely a new finding to the best of authors' knowledge.
The incidence of disease is found to be high in higher ages and this may be due to increasing length of exposure and incubation period of disease. This corroborates with increasing risk of incidence with longer follow-up time [ Tables 1 and 2 ].
Similar to other studies, 3 ,11 the present study indicates high incidence rate (3.7) in females, which is 1.3 times (95% confidence interval = 1.1-1.5) that of 2.9 in males and this is different from the observations in Agra. 8 One of the reasons could be more thorough (total body) examination undertaken.
Time interval between two surveys, in determining incidence rates, has been a subject of debate, there being no unanimity for length of follow-up. In this study, the average interval between the two surveys was 4.11 years. The findings of this study are based on definite cases of leprosy that had developed into defined clinical types of the disease. It is possible that some of the early cases that might have appeared in the intervening period may have self-healed. Had the resurvey been done early (6-12 months interval), those self-healed cases too could have been picked up to further add to the incidence. However, the number of such cases is expected to be very few.
To conclude, new leprosy cases are continuing to appear and the incidence rate is still much higher (3.4 per 10,000 person years) compared to reported new case detection rate of 0·587/10,000 (proxy for incidence) by district health authorities (unpublished, 2009). Larger numbers of incident cases were observed among the nonfamilial healthy controls of leprosy but a 10-29 fold higher incidence rate was observed in familial contacts of index cases. The reason of such a situation could be related to daily behavior of index leprosy cases of defecation within the villages in open areas, which provide aerosol effect for the infection to transmit and also increase the genetic predisposition. A similar or more alarming situation may exist in some urban slums where localized transmission is ongoing.
Future research, using large numbers of contacts who could be resurveyed, can throw more light on the transmission patterns with reference to contact's status, and corroborating findings of infection in the soil. Special observations on the treatment status of contacts and the duration of untreated disease can also lead to understanding as to how much multidrug therapy has really helped in containing transmission, or if it could decline naturally as a function of improved hygiene and sanitation practices.
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